T he management of craniopharyngiomas is fraught with challenges that not only hinder achievement of optimal oncological outcomes but potentially have adverse effects on the quality of life (QOL). At time of presentation, and certainly after treatment, craniopharyngiomas can be associated with visual field defects, endocrinopathies, hypothalamic syndromes, increased cardiovascular risk, and neurocognitive sequelae. 7, 9, 33, 37, 46 Although considered benign tumors, their location can impact critical structures such as the optic nerves and chiasm, hypoabbreviatioNs ASBQ = Anterior Skull Base Quality of Life; BMI = body mass index; GTR = gross-total resection; QOL = quality of life; obJect Craniopharyngiomas are benign parasellar tumors for which surgical removal, although potentially curative, often leads to morbidity with resulting decreases in quality of life (QOL). The endonasal endoscopic approach is a minimal-access technique for removing these tumors and may reduce postoperative morbidity. The QOL following this method for resection of craniopharyngiomas has not been documented. methods The authors reviewed a database of consecutive endonasal endoscopic surgeries done at Weill Cornell Medical College. Adult patients with histologically proven craniopharyngiomas were included who had completed either only postoperative (> 9 months) or both pre- and postoperative QOL forms, the Anterior Skull Base Quality of Life (ASBQ) questionnaire, and the 22-Item Sinonasal Outcome Test (SNOT-22). Rates of gross-total resection (GTR), complications, and visual and endocrine function were collected. Retrospective independence (Wen score) was also assigned. A contemporaneous group of patients undergoing endonasal endoscopic pituitary macroadenoma resection was used as a control. results This study included 33 procedures performed in 31 patients. The average postoperative ASBQ score was 3.35 and the SNOT-22 score was 19.6. Better QOL was associated with GTR and postoperative radiation. Worse QOL was associated with persistent visual defects, hypopituitarism, tumor recurrence, increase in body mass index, and worsening Wen score. In a subset of 10 patients, both pre- and postoperative (> 9 months) QOL scores were obtained. Both ASBQ and SNOT-22 scores showed stability and a trend toward improvement, from 2.93 ± 0.51 to 2.96 ± 0.47 (ASBQ) and . Compared with 62 patients undergoing endoscopic pituitary macroadenoma resection, patients with craniopharyngiomas had worse postoperative QOL on the ASBQ (3.35 vs 3.80; p = 0.023) and p = 0.12). coNclusioNs This report of validated site-specific QOL following endoscopic surgery for craniopharyngiomas shows an overall maintenance of postoperative compared with preoperative QOL. Better QOL could be seen in patients with GTR and radiation therapy, and worse QOL was found in patients with visual or endocrine deficits. Nevertheless, patients with craniopharyngiomas still had worse QOL than those undergoing similar surgery for pituitary macroadenomas, confirming the worse prognosis of craniopharyngiomas even when removed via a minimally invasive approach. These measures should serve as benchmarks for comparison with open transcranial approaches to similar tumors.
thalamus, pituitary stalk, and vasculature. The capacity to extend into several anatomical compartments, such as the third ventricle and interpeduncular cistern, as well as adhere to adjacent neurovascular structures makes resection a challenge. 2, 10, 20, 22, 31, 41, 45 As a result of these anatomical factors, aggressive resection can be associated with short-and long-term neurological sequelae and decreases in QOL. 7, 9, 23, 32 Subtotal resection followed by radiotherapy results in a better QOL than total resection in pediatric patients, although this treatment paradigm may be associated with delayed long-term sequelae. 16 Likewise, transsphenoidal surgery has also been shown retrospectively to result in fewer acute complications. 32 In light of these issues, there is no consensus on a balanced treatment strategy considering open versus endoscopic approaches, subtotal versus aggressive resection, and the role of radiotherapy. 39 A recent survey has shown a wide diversity in treatment preferences among practicing neurosurgeons. 19 Even more so, there is extremely limited data on posttreatment QOL, which would most aptly encompass the postoperative neurological, visual, and endocrine issues patients often endure. For example, a surgical cure that may result in endocrine-related morbidity may lead to improved QOL since the patient's sense of well-being and avoidance of radiation may have a greater impact than the need for hormone replacement. The few studies on QOL that exist are generally retrospective, show a decrease in QOL compared with the normal population, and do not include a cohort having endoscopic surgery. 7, 32 There is increasing evidence to support the role of endonasal endoscopic approaches in the management of selected subcohorts of patients with craniopharyngioma. 22, 27 An endoscopic transsphenoidal approach offers a more direct route to the tumor, avoiding brain retraction, minimizing manipulation of the optic nerves and adjacent small perforating vessels, and resulting in equally high gross-total resection (GTR) rates compared with transcranial series, as well as potentially better visual results. 3, 5, 11, 13, 21, 24, 27 Although there are increasing data about the oncological, neurological, and hormonal outcomes for this treatment option, there are no studies assessing postoperative QOL. In an effort to gain a better understanding of the impact of an endoscopic approach in the treatment of craniopharyngiomas, we used accepted site-specific QOL metrics to measure postoperative QOL in a series of patients with craniopharyngiomas by using their own preoperative data as an internal control in a subset of patients, as well as data from a separate group who underwent endonasal endoscopic pituitary surgery, to control for the approach and highlight disease-specific morbidity. Because there are no validated disease-specific QOL metrics for craniopharyngiomas, we used site-specific measures, namely the Anterior Skull Base Quality of Life (ASBQ) questionnaire and the 22-Item Sinonasal Outcome Test (SNOT-22).
methods
Weill Cornell institutional review board approval was obtained for this study. A prospectively acquired database on all patients with craniopharyngiomas who were treated via an endonasal endoscopic transsphenoidal approach at Weill Cornell Medical College between July 2004 and September 2013 was retrospectively reviewed. All surgeries were performed by the senior authors (T.H.S. and V.K.A.). We identified all patients who underwent endonasal endoscopic surgery for histologically proven craniopharyngioma. Only adult (> 18-year-old) patients with at least a 9-month follow-up who had completed the QOL forms were included in this study. In more recently treated patients and in those who underwent surgery on a nonemergency basis, both pre-and postoperative QOL forms were completed. In patients whose preoperative visits occurred before we started administering QOL forms or in patients who arrived through the emergency room, only postoperative data were available. In addition, we identified a series of contemporaneous patients who underwent endonasal endoscopic resection of non-hormone-producing pituitary macroadenomas and filled out the same QOL forms. These patients were used as a control group to determine whether QOL following endonasal surgery for craniopharyngiomas differs substantially from that in patients treated for pituitary tumors.
Patient charts were reviewed for presentation, operative characteristics, complications, adjuvant therapy, and postoperative outcomes. A GTR was determined based on pre-and postoperative imaging. Visual data were based on formal visual field testing by a neuro-ophthalmologist and, when not available, assessments of patient vision in neurosurgical clinic visits. Long-term follow-up data were collected from neurosurgical clinic visits and phone interviews. Statistical analysis was performed using 2-tailed t-tests, with p ≤ 0.05 considered statistically significant.
surgical procedure
The endonasal endoscopic transsphenoidal approach for craniopharyngiomas has been previously described in detail. 25, 27, 40 Before each case, 0.25 ml of 10% fluorescein (AK-FLUOR, Akorn) was injected in 10 ml of CSF to aid in visualization of intraoperative CSF leaks.
38, 43 Patients were placed in pin fixation for neuronavigation aided by preoperative imaging. Nasoseptal flaps were harvested when possible for skull base reconstruction. A wide sphenoidotomy and posterior ethmoidectomy were performed. The middle turbinates were identified and lateralized. Bone was then removed from the superior portion of the sella, the tuberculum sellae, and planum sphenoidale. The dura mater above and below the superior intercavernous sinus was opened, and the sinus was cauterized and cut. The tumor was carefully dissected off any adjacent neurovascular structures, internally decompressed, and removed. Every effort was made to preserve the stalk, superior hypophyseal arteries, and floor of the third ventricle. Closure was performed according to our closure algorithm, which has been described in detail. 12, 26, 30, 35 
Quality of life assessment
The QOL was assessed in 2 ways. First, a retrospective Wen class 44 was assigned both preoperatively and postoperatively from chart review. This technique, albeit less accurate because it is retrospective and caregiver assigned, was used for comparison with prior similar studies. Sec-ond, we prospectively administered 2 previously validated QOL questionnaires: the ASBQ 17 and the SNOT-22 36 (Tables 1 and 2).
Wen class is a functional classification system that categorizes patients as follows: I, independent; II, independent with some deficit; III, partially dependent; and IV, totally dependent. 44 Although the ASBQ was originally intended to assess QOL after craniotomy for anterior skull base lesions, it was recently validated for endonasal endoscopic surgery. 4 In addition, by using this measure, our results can be compared with ASBQ outcomes after craniotomy published in the literature. Both questionnaires were filled out by the patient, either in the office or through a phone interview. The ASBQ questionnaire (Table 1) consists of 35 questions with responses recorded on a 5-item Likert scale, ranging from 1 to 5 points per item. The scores are reported as a mean ranging from 1.0 to 5.0, with a higher score indicating a better QOL. The SNOT-22 questionnaire (Table 2) consists of 22 questions and responses recorded on a 6-item Likert scale, ranging from 0 to 5 points per item. Total scores range from 0 to 110, with a higher score indicating a worse QOL.
The ASBQ questionnaire can also be broken down into 5 subtypes representing different dimensions of QOL. These include physical function (questions 5, 16-20, and 31); vitality (questions 6-7, 21-22, 32, and 34-35); pain (questions 23-24 and 33); influence of emotion (questions 8 and 25-28); and specific symptoms (questions 9-15). Preoperative and postoperative scores for each of these dimensions were compared to identify specific dimensions of increased or decreased change.
results
Of a total of 43 endonasal endoscopic surgeries for craniopharyngioma, 33 procedures performed in 31 patients met the inclusion criteria. Five patients were excluded because their operations were too recent for data on longterm follow-up to have accrued. Another 5 patients were excluded because they had childhood-onset craniopharyngiomas. Patient characteristics are described in Table 3 .
The mean age at surgery was 49.3 years (SD 17.1, range 20-85 years). Twelve surgeries (38.7%) were performed in men. The mean follow-up was 40 months (range 9-101 months).
patient presentation
The most common presenting symptom was vision loss, in 27 (87.1%) of 31 patients. Nine patients (29%) had presenting symptoms suggestive of hypothalamic-pituitary dysfunction, including hyperphagia, polydipsia, amenorrhea, and short stature. Nine patients (29%) presented with recurrent tumors. Prior treatments are summarized in Table 3 .
surgical outcomes
Surgical outcomes are described in Table 4 . A GTR was completed in 21 of 33 operations (63.6%). Intentional STR was performed in 2 elderly patients with significant medical comorbidities who underwent planned cyst fenestration and decompression. A GTR was attained in 6 (66.7%) of the 9 patients who presented to our hospital with recurrent tumors. The overall 30-day surgical complication rate was 15.2%. In the 33 operations there was 1 postoperative CSF leak (3%), which was repaired with reoperation. Postoperative sinusitis occurred in 1 (3%) of the 33 procedures, and the individual was treated as an outpatient with antibiotics. A high-risk elderly patient with multiple medical comorbidities including coronary artery disease, hypertension, hypercholesterolemia, and obesity had a postoperative course significant for myocardial infarction, meningitis, and pulmonary embolus; this patient died 38 months postoperatively from cardiac complications. The 30-day perioperative mortality rate was 0%.
adjuvant therapy
Six patients (19.4%) went on to have postoperative radiation therapy. All but 1 of these 6 patients underwent scheduled adjuvant fractionated proton beam radiation immediately postoperatively. The other patient received fractionated radiotherapy after recurrent tumor was noted more than 1 year postoperatively. In 3 of the patients with postoperative radiation, STR of their tumor had been attained. The other 3 had GTR but presented with recurrent tumor.
tumor recurrence
There were 7 recurrent tumors in 31 patients, for a recurrence rate of 22.6%. The average time to recurrence was 14.3 months. The average duration of recurrence-free survival was 30.3 months (range 6-101 months). There were 2 recurrences in cases with GTR (6.5% of 31) and 5 recurrences in cases with STR (16.1% of 31). Four of the cases with recurrent tumor had received previous adjuvant radiation, whereas the other 3 did not have any adjuvant therapy before recurrence. Recurrent tumor was managed as follows in the 6 cases in which this information was available: with repeat endoscopic transsphenoidal surgery in 2 patients, cyst fenestration in 2 patients, and radiation without surgery in 2 patients. One reoperation resulted in another recurrence, and 1 cyst fenestration resulted in a recurrence that was subsequently treated with resection via craniotomy.
visual outcomes
Visual deficits were found preoperatively in 27 (87.1%) of 31 patients (Fig. 1) . Four of these patients had total unilateral vision loss, whereas the majority had decreases in visual acuity. Twenty of these patients (64.5%) reported subjective improvement in vision postoperatively, whereas 7 patients (22.6%) reported no change in vision. No patient reported a decrease in vision postoperatively. On long-term follow-up (> 1 year), 21 of 30 surviving patients (70%) had normal vision, 5 patients (16.7%) had visual impairment in 1 eye, and 4 patients (13.3%) were blind in 1 eye. No patients were blind in both eyes.
endocrine outcome
Nine patients (29%) had presenting symptoms suggestive of hypothalamic-pituitary dysfunction, including hyperphagia, polydipsia, amenorrhea, and short stature (Fig.  1) . Six patients (19.4%) had hypopituitarism preoperatively from a previous surgery. Of the 25 patients who had normal endocrine function preoperatively, 15 (60%) went on to develop at least partial hypopituitarism postoperatively. On long-term follow-up, 21 of the 30 surviving patients (70%) were receiving hormone replacement therapy. However, 5 patients showed improvement, with restoration of several pituitary axes over time. Fifteen (50%) had at least 3 hormone replacement medications and 6 (20%) had 1 or 2 hormone replacement medications.
Quality of life outcome
The level of independence was measured using the Wen classification system. Preoperatively 30 patients (96.8%) were Wen Class I and 1 patient (3.2%) was Wen Class II; no patients were Wen Class III or IV. On long-term followup, 28 (90.3%) were Wen Class I, 2 patients (6.5%) were Wen Class III, and 1 patient (3.2%) was Wen Class IV. The average preoperative Wen class was 1.03 compared with a postoperative average of 1.20 (p = 0.199).
Long-term QOL data using the ASBQ and the SNOT-22 were obtained in 25 of 31 adult patients. Two-sample t-tests were used to compare the differences in long-term ASBQ and SNOT-22 scores by groups, based on a variety of intraoperative and postoperative variables (Tables 5 and  6 ). The average long-term postoperative ASBQ score was . We compared this to our 2 pediatric patients with QOL data in whom the average long-term postoperative ASBQ score was 3.25 (p = 0.603) and SNOT-22 score was 51.5 (p = 0.372), finding decreased ASBQ and increased SNOT-22 scores, both consistent with decreased QOL. However, the numbers of pediatric patients were too small to reach any significance. For the ASBQ questionnaire, a higher score indicates a better QOL. An increase in Wen class (a decrease in independence) was the only factor with a statistically significant association with lower ASBQ scores (p = 0.046). There were higher scores in the following groups: patients with GTR and those with postoperative radiation. There were lower scores in the following groups: patients with visual defects that persisted > 1 year after surgery (including patients with new visual defects and those with persistence of preoperative visual deficits), patients who had hypopituitarism (including patients with new hypopituitarism and those who had the condition preoperatively), patients with tumor recurrence postoperatively, patients with an increase in body mass index (BMI) ≥ 2.0, patients who were not totally independent as described by Wen class > I, and patients with an increase in Wen class postoperatively.
For the SNOT-22 questionnaire, a higher score indicates a lower QOL. Only patients with GTR had significantly lower scores (p = 0.035). There were higher scores in the following groups: patients with postoperative radiation, patients with visual defects that persisted > 1 year after surgery, patients with hypopituitarism, patients with tumor recurrence postoperatively, patients with an increase in BMI by ≥ 2.0, patients who were Wen class > I, and patients with an increase in Wen class postoperatively. There were lower scores in the following groups: patients with GTR and patients with initial postoperative visual improvement.
preoperative versus postoperative Qol
In a subset of 10 patients, we obtained preoperative as well as long-term postoperative QOL scores for comparison. The preoperative mean ASBQ score was 2.93 ± 0.51 and the postoperative mean score was 2.96 ± 0.47 (Fig. 2) . This showed an improvement in QOL after surgery, but was not statistically significant (p = 0.93). The preoperative mean SNOT-22 score was 23.7 ± 10.8 and the postoperative mean score was 18.4 ± 11.6. This again showed an improvement in QOL because a higher SNOT-22 score indicates worse QOL, but again this was not statistically significant (p = 0.52).
The ASBQ scores can be broken down by different dimensions that make up QOL, including the following: physical function, vitality, pain, emotional changes, and specific symptoms. We compared pre-and postoperative ASBQ scores by dimension and found no significant change.
comparison with pituitary macroadenoma resection
We compared the average QOL scores in our series of patients with craniopharyngiomas with a series of 62 patients with endonasal endoscopic resection of nonhormone-secreting pituitary macroadenomas and long-term (mean 12 months) QOL data by using the ASBQ and SNOT-22 surveys with 2-sample t-tests ( Table 7) . The cohort with pituitary macroadenomas had an average ASBQ score of 3.80 compared with an average of 3. 
discussion
Although they are benign tumors, craniopharyngiomas are known to cause significant morbidity from vision loss, hypothalamic dysfunction, cardiac abnormalities, and endocrinopathies. 9 Treatment in the form of surgery, radiation, or both, has been implicated in further deterioration. 9, 24, 32 In assessing a patient's response to therapy, these traditional surgical end points, however, only tell a portion of the story. In addition to survival, progression-free survival, and morbidity, a patient's QOL is becoming increasingly important in assessment of therapeutic interventions. The QOL is a multidimensional construct that describes an individual's overall perception of well-being. In contrast to the traditional medical history, which is elicited by directed questioning and is liable to subjective estimation by the clinician, QOL is a patient-reported measure that aims to eliminate observer bias. Description of QOL based on a patient-reported instrument is an important aspect of the assessment, because the surgeon's perception of his or her patient's QOL has been shown to be inaccurate in the postoperative period. 16 The use of QOL assessments may be generalized, disease-specific, or site-specific, and has several potential advantages. These include improved preoperative counseling by the surgeon, better anticipation of the effects of surgery and subsequent recovery by the patient, and improved acceptance of the surgical procedure. 18 In addition, QOL measures may eventually become reportable indicators of the success of surgical intervention and can be used to compare various interventions for efficacy.
The first study of QOL based on a site-specific questionnaire (ASBQ) administered in patients undergoing anterior skull base surgery was reported by Gil et al. 15 Based on the results of that retrospective, cross-sectional study of 40 patients undergoing open surgical approaches, the authors found that QOL was generally good, and that malignancy, radiotherapy, and comorbidity were negative predictors of QOL. However, lack of preoperative data did not permit conclusions about the change of QOL over time. The ASBQ was subsequently demonstrated to have psychometric validity for site-specific QOL assessment following anterior skull base surgery for both transcranial and endoscopic approaches. 4, 17 A prospective study of QOL in patients undergoing open anterior skull base surgery has only recently been described. Abergel et al. assessed a series of 39 patients with the ASBQ prior to surgery and again at 2 postoperative points. 1 They found that the QOL scores of most patients undergoing open anterior skull base surgery deteriorate within 6 months after surgery and undergo significant improvement at 12 months postoperatively, but do not rise above their preoperative baseline. McCoul et al. recently showed that, in contrast to open surgery, endonasal endoscopic skull base surgery results in site-specific increases in QOL at 12 weeks and 6 months postoperatively compared with preoperative assessments; however, the majority of these cases were pituitary adenomas. 29 This study raised the possibility that minimally invasive endonasal endoscopic surgery may be better tolerated than open surgery with respect to QOL.
In this study we report the first prospectively acquired QOL data for craniopharyngioma surgery, including both pre-and postoperative comparisons, in a series of patients undergoing endoscopic endonasal resection. By comparing our data with those in patients who had pituitary lesions and who were undergoing a similar procedure, we clearly show that endonasal surgery can potentially maintain or perhaps slightly improve QOL, even when the goal of surgery is GTR. However, the outcomes are not as favorable as they are following pituitary surgery. This is not surprising because endocrinopathy, visual dysfunction, and increased BMI occur at much higher rates for craniopharyngiomas compared with pituitary tumors, and the rates of GTR are lower and the need for postoperative radiation higher. Consistent with this interpretation is the fact that predictors of worse QOL were young age at diagnosis, persistent visual defects, hypopituitarism, tumor recurrence, postoperative radiation, lack of GTR, and increases in BMI. However, the fact that QOL is maintained and even slightly increased is perhaps unexpected for such a highmorbidity disease. Endonasal endoscopic transsphenoidal resection of craniopharyngiomas, compared with open transcranial approaches, has been shown to result in comparable or even greater rates of extent of resection and GTR. 3, 5, 11, 13, 21, 24, 27 Moreover, rates of visual improvement may in fact be higher. 24 Nevertheless, debate regarding the relative merits of endonasal endoscopic surgery compared with open transcranial approaches continues. 8 Unfortunately, there are no other comparable studies of transcranial craniopharyngioma surgery in existence for comparison at this time because no other study has prospectively examined QOL both pre-and postoperatively to determine the effect of therapy on QOL. Hopefully, such studies using the same ASBQ metric will be forthcoming.
Prior studies have routinely demonstrated a decrease in QOL for patients with craniopharyngioma, either before or after treatment. Several studies have shown dramatic reductions in memory, executive functions, and QOL in pediatric patients with craniopharyngiomas, particularly those with hypothalamic involvement, with as many as 57% showing neurobehavioral dysfunction. 46 Three prior studies have examined QOL in adult patients. The more recent study included 29 cured adults with 19 years of follow-up and compared results of 4 health-related questionnaires with those administered to 142 matched controls. 7 Patients with craniopharyngiomas were found to have significantly worse QOL. Unfortunately, preoperative tests were not administered for comparison, so the impact of treatment on the QOL in these patients was unknown. Predictors of worse QOL were visual field deficit, need for reoperation, postoperative radiation therapy, and female sex. In an earlier study, a similar decrease in QOL was also found compared with controls. 23 The only study that examined the effect of surgery on QOL was by Mortini et al.; however, only the Wen score was used and it was assigned retrospectively by the authors. 32 In that study, as in our study, Wen scores were shown to deteriorate. However, the accuracy of a retrospectively assigned Wen score by the treating physician may not be reliable. Indeed, our study demonstrated that although Wen scores retrospectively assigned by the provider worsened, patient-reported prospectively acquired QOL ratings did not.
As opposed to the ASBQ, the assessment of sinonasalrelated QOL in patients undergoing endoscopic surgery has been the subject of several studies. Pant et al. reported on a series of 51 patients undergoing endoscopic surgery who completed the SNOT-22 and ASBQ at 4 postoperative time points. 34 The investigators found that SNOT-22 scores were significantly better at 6 months and 12 months postoperatively as compared with 1-3 months postoperatively. Conclusions from this study are limited by the absence of preoperative data, unspecified distribution of tumor pathology, and a lack of information about the response rate at each time point. Suberman et al. recently published retrospective data on sinonasal QOL in 50 patients who underwent endoscopic minimally invasive pituitary surgery. 42 These authors found no difference in Rhinosinusitis Disability Index scores from preoperative to postoperative time points, and scores were similarly unaffected by the presence or absence of a functional pituitary adenoma. Postoperative assessments were recorded at a single time point for each patient, ranging from 1 month to more than 3 years postoperatively, which may have limited the reliability of the results. Finally, McCoul and colleagues compared preoperative with postoperative SNOT-22 scores in a series of 66 patients and found a transient worsening at 3 weeks that returned to baseline values afterward. 28, 29 Our data are consistent with these previous reports; no significant change in SNOT-22 scores was found > 9 months after surgery. These data indicate that long-term nasal function is as unchanged for extended craniopharyngioma surgery as it is for pituitary macroadenoma surgery. However, the SNOT-22 score is worse for craniopharyngiomas compared with pituitary tumors, based on the patient's sense of well-being associated with the morbidity of craniopharyngiomas compared with pituitary macroadenomas.
predictors of increased or decreased postoperative Qol
We found that GTR was associated with an increased QOL, which was statistically significant (p = 0.012) for results obtained using the SNOT-22 but not ASBQ questionnaires. This is most likely to stem from decreased need for reoperation or radiation therapy, because both were associated with decreased QOL. Although pursing GTR may result in higher rates of endocrinopathy, the deterioration in QOL was more modest when comparing groups with and without postoperative endocrine dysfunction than when comparing groups with and without GTR, suggesting that the benefit of GTR well surpasses the QOL decrease caused by a new endocrinopathy. 6 The QOL was maintained in our series despite an increase in hypopituitarism from 20% preoperatively to 70% postoperatively, and hypopituitarism in the immediate postoperative period did not always translate into a long-term endocrinopathy. Indeed, 5 patients who initially had hypopituitarism eventually regained some pituitary function and were taken off complete hormone supplementation. 5, 10, 11, 13, 21, 32, 45 Hence, our preliminary data show that hormone replacement is well tolerated and GTR should generally be pursued for cure at the risk of hypopituitarism.
Our series had a recurrence rate of 22.6%, comparable to recurrence rates in recent series with transsphenoidal and transcranial approaches. 32 Recurrence was associated with a decreased QOL. Of individuals with recurrence, QOL was higher when treated with radiation than with reoperation. This trend has also been seen in other studies but is limited in our analysis due to small sample size and a variety of characteristics that reflect treatment decisions. 14 Residual symptoms are also expected to have an impact in QOL. Both long-term visual deficits and endocrine deficits were associated with decreased QOL. Obesity is a significant consequence of craniopharyngioma surgery, because disruption of the hypothalamus can lead to hyperphagia. De Vile et al. identified obesity as a risk factor for long-term morbidity of craniopharyngiomas. 6 Along these lines, we found that an increase in BMI ≥ 2.0 was also associated with decreased QOL, suggesting the potential importance of developing novel therapies to treat postoperative obesity to preserve QOL.
The strongest correlation with decreased QOL was Wen class, a marker of independence. 44 Individuals who were not independent on long-term follow-up had lower QOL scores than those who were independent. Similarly, individuals who had an increase in Wen class (a loss of independence) had a statistically significantly lower QOL than those who had no change. Again, this points to the potential importance of physical therapy and emotional support in the postoperative period.
limitations of the study
There are certain limitations of this study. The small sample size of patients with long-term QOL data may lead to a failure to recognize true differences in QOL between different groups. Complications most likely play a large role in QOL outcomes, but due to small numbers of complications, we could not stratify QOL by using this variable. The surveys used to estimate QOL have limitations themselves; they may not capture disease-specific QOL changes caused by craniopharyngiomas, and may instead reflect comorbidities.
conclusions
In this first preliminary report of changes in QOL related to surgical intervention for craniopharyngiomas, and specifically endonasal endoscopic surgery, we found preservation of site-specific QOL at an average of 3 years (> 9 months) of follow-up. Although lack of GTR and need for reoperation or radiation correlate with worsening QOL, so do worsening vision, increase in BMI, loss of independence, and endocrinopathy. Hence GTR should be pursued, but not at the risk of overwhelming morbidity. Whether endonasal endoscopic surgery preserves QOL better than transcranial surgery cannot be determined at this time due to the lack of pre-to postoperative QOL comparisons in the literature on open transcranial surgery. However, QOL does not improve as dramatically following endonasal craniopharyngioma surgery as it does following endonasal pituitary macroadenoma surgery, probably due to the increased morbidity inherent in the pathophysiology of craniopharyngiomas.
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